The aim of this study was to evaluate growth performance, selected biochemical blood parameters, and the microbiota of ileal digesta in broiler chickens provided with drinking water containing an addition of natural lavender essential oil (LEO). The experiment was carried out on a commercial farm using n = 300 unsexed Ross-308 broiler chickens. One-day-old chicks were randomly assigned to three groups of 100 chickens each (five replications, 20 individuals each). The control group broilers were provided with drinking water without the addition of LEO. Groups LEO 1-42 and LEO 22-42 had access to water containing 0.4 ml/L LEO (for 6 h/day) from days 1 to 42 (LEO 1-42 ) and 22 to 42 ). Body weight, feed intake, water intake, and mortality were recorded throughout the experiment. The analyses reveal that the addition of LEO has a positive effect on body weight in the second period of rearing (d 22-24). Treatment broilers (LEO 1-42 and LEO ) weighed on average 6.35% more compared to the control (P < 0.01). LEO addition positively affected weight gains and feed conversion ratio (P < 0.01) in the second period of rearing (d 22-24). No differences were found between the groups feed intake, water intake, survival rate, and blood biochemical parameters (P > 0.05). The addition of LEO to drinking water had a positive impact on the gut microflora of the ileum: the numbers of pathogenic microorganisms decreased (Escherichia coli and coliform) while the number of probiotic bacteria increased (P < 0.01).
INTRODUCTION
Essential oils (EO) are classified as phytobiotics, i.e., natural substances having a protective function against harmful pathogenic microorganisms (Zeng et al., 2015) . Lavender essential oil (LEO) is a by-product of lavender flowers used in human aromatherapy, pharmacy, perfumery, cosmetics, and the food industry (Prusinowska andŚmigielski, 2014; Kirimer et al., 2017) . Lavender flowers (Lavandulae flos) contain up to 3% of EO, whose qualitative and quantitative composition is variable and depends on the genotype, climatic conditions, mode of reproduction, and morphological characteristics of the plant (Prusinowska andŚmigielski, 2014) . LEO is a volatile, biologically active substance with a characteristic scent. Chemically, it is a multicomponent mixture of terpenoid compounds (monoterpenes, sesquiterpenes, and their oxygen derivatives), characterized based on isoprenoid units (Carrasco et al., 2016) . LEO compounds include hydrocarbons C 2018 Poultry Science Association Inc. Received October 4, 2016. Accepted August 2, 2018. 1 Corresponding author: madaszynska@zut.edu.pl (e.g., myrcene, α-pinene, caryophyllene), alcohols (e.g., linalool, α-terpineol, borneol), ketones (e.g., camphor, carvone, eucarvone), esters (e.g., linalool acetate, lavandulyl acetate, geranyl acetate), aldehydes (e.g., neral), oxides (e.g., caryophyllene oxide), and ethers (e.g., eucalyptol; Lis-Balchin, 2002) . In addition to these compounds, coumarins and organic acids are found in LEO (Prusinowska andŚmigielski, 2014) . Recent studies, analyzing LEO chemical constituents an attempt to describe their action mechanisms on rats and human models, confirm many beneficial properties of this oil. According to the literature, LEO has antibacterial, antifungal, antioxidant, analgesic, anti-inflammatory, and antispasmodic properties (Yang et al., 2010; Prusinowska andŚmigielski, 2014; Carrasco et al., 2016; Giovannini et al., 2016) . Studies on animal and human models alike have shown that lavender has potential immunostimulatory, anxiolytic, sedative, hypnotic, analgesic, and anticonvulsant effects, and may also improve one's mood (Ghelardini et al., 1999; Sasannejad et al., 2012; Prusinowska andŚmigielski, 2014) .
The literature lacks reports on the possibility of using LEO in poultry production as a supplement in the diet of broiler chickens in order to stimulate production 358 performance. Therefore, this study was undertaken with the purpose of evaluating the applicability of LEO in broiler production. The effects of LEO offered as a drinking water supplement on production performance, selected biochemical blood parameters, and ileal microbiota in broiler chickens were analyzed.
MATERIALS AND METHODS

Bird Trial
The experiment was performed in a commercial poultry farm (Żabówko, Poland) using 300 unsexed Ross-308 broilers. The chickens were raised in the intensive system. The experimental period was 42 d. Chicks were purchased from a commercial hatchery (Park Drobiarski Sp. z o.o.,Śmi lowo, Poland). On arrival, 1-d-old birds were weighed and then randomly assigned to three treatments groups with five replicate pens containing 20 birds each. Throughout the experiment, the control group broilers were provided with drinking water without an addition of LEO. Groups LEO 1-42 and LEO were provided with water (for 6 h/day-the mean time of water intake (WI) with LEO throughout the production cycle) with an addition of 0.4 ml/L oil, from 1 to 42 d of age (LEO 1-42 ) and from 22 to 42 d of age ). The birds were provided with water in 5 L manual reservoir tank reversible drinkers (in each pen). Once all LEO-infused water was drunk, the reservoir tanks were replaced with new ones containing clean water without the addition of LEO. The remaining water in each pen was measured by volume. Over the entire duration of the experiment, broilers had unlimited access to water. Broilers were housed in the same shed for 42 d, on wheat-straw bedding, with a stocking density of 14 individuals per m 2 . All groups were managed under uniform, standard environmental conditions. The following lighting program was applied: (d 1-6) 24L:0D, (d 7-10) 22L:2D, (d 11-32) 20L:4D, and (d 33-42) 23L:1D (this lightening program is adopted from the standards of genetic science-Ross Aviagen Brand and the chick supplier-Poultry ParkŚmi lowo, Poland). At the initial stage of rearing (d 1-2), mean temperature in the shed was 32
• C-33
• C and decreased in subsequent periods as follows: 30 d 22-42) . Average humidity ranged from 50% at the beginning to 70% at the final stage of the cycle, increasing gradually from week to week. Broilers were fed ad libitum with the following feeds: starter (1-12 d of age), grower I (13-22 d of age), grower II (23-32 d of age), and finisher (33-42 d of age). The composition and nutritional value of the applied premixes is shown in Table 1 . In this study, the body weight (BW) of the broilers (in 1, 21, and 42 d of age), daily feed intake (FI), WI, and the number of deaths were recorded. The resulting data were used to calculate body weight gain (BWG), feed conversion ratio (FCR), and survival rate. The experiment was carried out with the approval of the Local Ethics Committee for the Experiments on Animals in Szczecin (permit no. 19/2015 dated 2015 .
Blood Biochemistry and Enumeration of Bacteria
In order to determine the levels of selected biochemical parameters, on d 42 of age blood was collected from the left brachial vein of 10 randomly selected birds from each group (five replications of two individuals each). The tests were carried out on the day of sampling. Blood samples were centrifuged at 15,000 × G for 5 min in order to obtain the serum, which was then stored for analysis under controlled refrigerated conditions (+5
• C ±3 • C). The temperature of serum samples during the analysis was maintained at +18
• C ±1
• C. Blood biochemical parameters were measured using the VetTest 8008 (Idexx Laboratories, Inc., Westbrook, USA) chemistry analyzer with dry-slide technology using the Idexx Laboratories methodology. Blood parameters analyzed in this study included: glucose, cholesterol, triglycerides, and uric acid. Additionally, at 42 d of age, five randomly selected broilers from each group (five replications of one individual each), with BW similar to the group's average, were slaughtered, and ileal digesta samples were collected for microbiological analyses aimed at preselected groups of microorganisms (Clostridium spp., Escherichia coli, coliform, aerobic, anaerobic, and lactic acid bacteria). The intestine was spread individually on the autopsy table in the following orientation: the duodenum (from the gizzard outlet to the end of the pancreatic loop), small intestine (from the site where the duodenum emerges from the gizzard to the beginning of the ceca), ceca, and large intestine (from the colon to the rectum). Then, the duodenum, ceca, and large intestine were removed. The remaining small intestine was composed of two parts, the jejunum (from the pancreatic loop to Meckel's diverticulum) and the ileum divided by Meckel's diverticulum. The ileum was isolated at the intestine fragment between the Meckel diverticulum and the ileocecal junction. Three points were designated in this area: the middle of the ileum, and half way from the center to each end (with three repetitions for the final calculations). The ileum was opened with scissors, ileal content (1 g/each point) was collected by gentle fingers-stripping of the surrounding ileal segment. The samples were collected using small, sterile plastic tubes (volume 12 ml) and were kept in an ice box. Serial dilutions were performed within 1 h of collection. The initial suspension and decimal dilutions were performed according to the European Standard PN-EN ISO 6887-1:2000 (10 −1 dilution as the initial dilution up to 10 −9 as the final dilution) under a laminar flow safety cabinet (2nd class; BioBase, South Gongye Road, Jinan, China). Buffered peptone water (Merck, Darmstadt, Germany) was used as a diluent. The initial • C for 72 ± 3 h were used for the determination of the total numbers of Clostridium spp., lactic acid bacteria, and total anaerobic bacteria, whereas samples incubated under aerobic conditions at 37
• C for 72 h were used for the determination of the total numbers of Escherichia coli and coliform. Total aerobic bacteria were determined after incubation for 72 h at 30 • C. Finally, the number of bacterial colonies was calculated (PN-EN ISO 7218:2008) . The numbers of colony forming units (CFU) were expressed as log10 CFU per gram.
Essential Oil
Commercially available lavender (Lavandula angustifolia) flower EO (Avicenna Oil, Wroc law, Poland) was analyzed for chemical composition. Chromatography was performed using the Agilent 6890 N Network gas chromatograph (Agilent Technologies, Palo Alto, USA) with the 5973 Network mass selective detector, equipped with the 7683 Series Injector automatic liquid sampler. Chromatography operating conditions were adjusted experimentally for the optimum analyte separation. A GC capillary column HP-5MSI (30 m length, 0.25 mm inner diameter) was used. The operating temperatures were as follows: injector 250
• C, ion source 230
• C, and quadrupole 150
• C. The split-mode (10:1) injection of 3-μl samples was applied. Analysis was performed in scan mode in the m/z range 40-500. The column temperature program was: 60
• C (hold 3 min), 10
• C/min to 300 • C (hold 13 min). In order to confirm the compliance of the LEO chemical composition with the requirements of ISO 3515:2002, we performed a quantitative and qualitative analysis. The identification of the main compounds of the LEO was carried out based on mass spectra and retention indices. In order to confirm the identification, the retention indices of the compounds were calculated and compared with the literature (Babushok et al., 2011) . In order to determine n-alkanes retention indexes, we used the C7-C30 standard (Supelco, Bellefonte, USA) analyzed under the same chromatographic conditions. The relative content of each compound was measured by the peak area share in the total ion current of all compounds present in the analyte.
Statistical Analysis
The obtained results of BW, BWG, FCR, FI, and WI were subjected to statistical analysis, calculating the means and mean standard deviation and performing the two-way analysis of variance (ANOVA), assessing intergroup differences using post-hoc Tuckey's test at P < 0.01. The results of selected biochemical parameters of blood serum and the numbers of microorganisms in the ileum content were developed by statistically calculating the mean values, the mean standard deviation, and performing the one-way ANOVA. The significance of differences between the means was assessed using post-hoc Tukey's test. The test probability at P < 0.05 was considered statistically significant. Survival rate in the examined groups was compared with Fisher's precise test. Statistical analysis was performed using the PQStat v. 1.6.2 package (PQStat Sofware, Poland). In this study, H 0 hypothesis assumed that an addition of 0.4 ml/L LEO to the drinking water of chickens has no effect on BW, BWG, FCR, FI, WI, survival rate, selected biochemical parameters of blood, and the number of microorganisms in the ileum. An alternative hypothesis-H 1 -assumes the occurrence of a significant effect on the considered variables.
RESULTS
Chemical Composition of Essential Oil
The composition of LEO is presented in Table 2 . In total, 26 substances have been identified, mainly linalool acetate (46.25%) and linalool (35.17%). The following compounds were found in lower concentrations (<5%): caryophyllene, α-pinene, borneol, neryl acetate, cis-β-ocimene, p-cymene, lavandulyl acetate, and 4-terpineol. Chromatography showed that the relative percentage content of each class of compounds in LEO was as follows: monoterpene hydrocarbons (8.17%), Table 3 presents the production performance of broilers. From d 22-42, broilers treated with LEO exhibited significantly (P < 0.01) higher BW as compared to the control group. An addition of LEO to drinking water improved chickens slaughter BW, irrespective of how long it had been applied for. Upon completion of the rearing cycle, the highest BWG (P < 0.01) was recorded in groups LEO 1-42 (2.88 kg) and LEO 22-42 (2.84 kg), and the lowest in the control group (2.68 kg). No significant differences between the groups were found in relation to FI (P > 0.05). The average daily FI remained at a similar level (0.11 kg/d). No significant differences between the groups were observed in WI (P > 0.05). Total WI over the entire duration of rearing ranged from 9.25 L/bird, in group LEO 22-42 , to 9.39 L/bird, in the control. Average daily WI (L/bird) over the entire experiment ranged between 0.2203, in group LEO 1-42 , and 0.2236, in the control. LEO application had a positive effect on FCR in the second period (d 22-42) and for the entire duration of rearing (d 1-42; P < 0.01). The highest FCR (kg/kg) was found in the control group, which did not have LEO added in the water. Survival rates were similar (P > 0.05) between the groups, from 96%, in the control, to 99%, in LEO 22-42 . 3 Period (P), BW: body weight, BWG: body weight gain, FI: feed intake, FCR: feed conversion ratio, WI: water intake. 4 Significance level of treatment factor: P = period (growing period), G = group, (P × G) = interaction between the period of growing and groups of treatments. (Mazurkiewicz et al., 2005) . Table 4 summarizes the blood biochemical parameters in the chickens after 42 d of the experiment. The addition of LEO had no effect on the biochemical parameters of chicken blood serum (P > 0.05). The results of quantitative analysis of the ileal microbial flora in 42-d-old chicks are shown in Table 5 . The numbers of anaerobic and mesophilic aerobic bacteria were the highest and similar in all groups (control, LEO ). Differences were found in Escherichia coli, coliform, and lactic acid bacteria counts in LEO 1-42 and LEO , as compared with the control group (P < 0.01). No anaerobic Clostridium sp. bacteria have been detected in any of the samples.
Performance Parameters
Blood Biochemistry and Intestinal Microflora
DISCUSSION
LEO is a mixture of volatile organic compounds. GS-MS, applied in this study, is a tool for screening volatile secondary plant metabolites. In this study, oxygenated monoterpenes, which included linalool and linalool acetate, represented the highest proportion among the components. It should be emphasized that linalool is a compound of proven antimicrobial and antioxidant activity (Carrasco et al., 2016) . In this study, it has been shown that an addition of LEO had a significant impact on the final BW of broilers. Chickens provided with LEO-infused drinking water weighed on average 6.35% more (on d 42 of the experiment; P < 0.01) as compared to the control group. The application of LEO in the second period of rearing (d 22-42) had a positive effect on BWG and FCR (P < 0.01). In this study, no differences in WI were found in any of the examined periods of bird rearing (P > 0.05). The use of LEO did not affect WI, probably due to the good tolerance of broiler chickens to its smell (flowery-herbal) and taste (slightly sweet). A decrease in WI, in turn, was observed in studies by Khosravinia (2013 Khosravinia ( , 2016 , where EO from Satureja khuzistanica, whose main chemical component was carvacrol (92.2%), was added to drinking water. The reduction in WI could be connected to a change in its taste ( more bitter) and intensive spicy smell. It should be noted that reduced WI may have a negative impact on kidney function . Other authors also found that an addition of bitter EO, whose main components were carvacrol, thymol, and cinnamaldehyde, to water and feed had an unfavorable effect on WI and FI (Lee et al., 2004; Windisch et al., 2008) . In contrast, Alali et al. (2013) observed that an addition of a mixture of carvacrol, thymol, eucalyptol, lemon oil, and citric acid had no effect on WI. In this study, a favorable effect of the addition of LEO to water for broiler chickens on production performance was found, but no differences between the period of supplying LEO (d 1-42 and d 22-42); hence, it may be assumed that supplying LEO in the second period of rearing is more profitable for economic reasons (d 22-42) . Other authors, who experimented on broiler chickens, found a positive effect of EO in respect to BW and FCR over the entire rearing cycle (Alali et al., 2013; Khattak et al., 2014) . Khattak et al. (2014) reported that the application of a mixture of EO extracted from basil, cumin, bay leaf, lemon, sage, and thyme in the feed of broiler chickens increased BW and improved FCR (P < 0.05). Botsoglu et al. (2002) and Cross et al. (2007) did not observed any improvements in the performance parameters resulting from feed with an addition of EO in an amount of 50-1000 mg/kg of feed. In contrast, a negative impact of summer savory (Satureja hortensis) oil was found by Andi (2015) , who experimented with concentrations ranging from 0.1 to 0.5 ml/L in drinking water. The addition of oil caused a decrease in the BW and FI of chickens. The author suggests that the likely cause of a decrease in FI and WI by the birds was the bitterspicy taste of the EO (Andi, 2015) . A deterioration of production performance resulting from the use of EO in the feed was observed by Kirkpinar et al., 2011 . Differences in the efficiency of the application of EO may result from incorrect concentrations (too low or too high doses, which may have toxic effects), improper chemical composition (some components of EO have toxic more specifically nephron-and neurotoxic effects, e.g., tujon and anteol derivatives), too short duration, and method of application as well as the different taste and smell of EO.
The experiment revealed that in all groups the mortality was low throughout the study (<5%). There were no differences between treatment groups (P > 0.05). Betancourt et al. (2014) have shown that EO from three chemotypes of oregano (Origanum vulgare) reduced the mortality of birds by 59% on average. Conversely, Alali et al. (2013) and Vukić-Vranješ et al. (2013) reported the lack of effects of a mixture of EO added to water and feed on the mortality of chickens. Opinions on the argument that the mortality of chickens may be reduced by the use of EO are varied, since researchers use EO of various chemical compositions, and, in consequence, of different biological activity and impact on the avian body. Moreover, it should be emphasized that most experiments have been carried out in ideal hygienic conditions, with smaller stocking densities; hence, it is difficult to achieve a significant improvement of survival rates. Under production conditions, however, densities of chickens and the loads of the sheds are much higher, which worsens the hygienic conditions of management, creating a background that allows as to see clearly the beneficial effects of EO on the reduction of mortality.
This study revealed that an addition of LEO to water had no effect on the selected blood serum biochemical parameters (cholesterol, glucose, triglyceride, uric acid). Conversely, Bölükbaşı et al. (2008) found lower levels of cholesterol and triglycerides, as compared with the control group, in the blood of laying hens receiving feed supplemented with a mixture of EO from thyme, sage, and rosemary. The authors (Bölükbaşı et al., 2008) report that selected EO and their components (borneol, cineole, citral, fenchone, geraniol, carvacrol, menthol) have an inhibitory effect on HMG-CoA reductase, the enzyme responsible for the synthesis of cholesterol in the liver, thereby reducing its content in the blood of birds. Other researchers (Najafi and Torki, 2010; Khattak et al., 2014; Ghazanfari et al., 2015; Kim et al., 2016) reported no effects of the EO used in the rearing of chickens in terms of blood biochemical parameters.
Intestinal microflora is an important factor for avian health and poultry production yields. They are, however, also crucial for consumer safety, since gut contents may contaminate the carcass with a variety of pathogens, such as Staphylococcus aureus, Escherichia coli, Listeria monocytogenes, Clostridium perfringens, Campylobacter, and Salmonella (Choi et al., 2015) . The qualitative and quantitative composition of intestinal microflora in poultry is affected by many factors, e.g., environmental stress, housing conditions farm microclimate, age of birds, and the composition of feed. Homeostasis of gastrointestinal microflora can be influenced by, among others, dietary supplementation with certain active substances, such as EO (Roberts et al., 2015) . This study proves that LEO added to the water of broiler chickens had a bacteriostatic effect, reducing CFU of Escherichia coli and coliform bacteria, additionally increasing the numbers of probiotic bacteria (P < 0.01). This result indicates that LEO may represent a good dietary additive to poultry feed, which is particularly important due to the increasing resistance of E. Coli to antimicrobials (Mainali et al., 2013) . Another in vivo experiment, which was aimed at investigating the effect of different selected EO on bacterial colonization in various sections of avian intestines, confirmed the reduction of the numbers of Escherichia coli, Clostridium perfringens, and the groups Enterococcus, Salmonella and Staphylococcus (Cross et al., 2007; Tiihonen et al., 2010; Kirkpinar et al., 2011; Erhan et al., 2012; Hong et al., 2012; Vukić-Vranješ et al., 2013) . Moreover, an experiment revealed that pennyroyal EO (Mentha pulegium L.) added to feed in amounts of 0.25% and 0.5% may positively affect the numbers of lactic acid bacteria (Erhan et al., 2012) . Isolated cases have also reported on the inhibitory effects against the proliferation of Lactobacillus (Tiihonen et al, 2010; Hong et al., 2012) . It is important to select appropriate biologically active substances, which will reduce the numbers of enteric pathogens without affecting on lactic acid bacteria (Choct, 2009 ). The underdeveloped gastrointestinal tract in the first week chicks after hatch and its microflora are often unable to fight successfully pathogenic organisms, since bacteria such as Escherichia coli, Salmonella sp., or Clostridium sp. proliferate much more quickly than natural gut microbiota strains. It should also be noted that the activity of the given EO depends on the dose and the part of the gastrointestinal tract under study. Besides reducing the populations of certain pathogenic microbial species, the effects of EO may also be associated with acidification of the gut contents (Gopi et al., 2014) . EO may also affect intestinal morphology. Reducing the number of pathogenic bacteria in the gut can improve the capacity of epithelial cells in terms of intestinal villi regeneration, and thereby increase the absorption of nutrients (Choi et al., 2015; Zeng et al., 2015) . Data on this, however, are inconsistent and involve only the increased or constant length of the villi in the jejunum and colon of broilers fed with an EO-supplemented diet (Vukić-Vranješ et al., 2013; Khattak et al., 2014) .
CONCLUSION
Based on the conducted study, a favorable effect of adding LEO to water intended for broiler chickens has been found. LEO stimulated the growth and proper functioning of the broiler chickens' bodies, which resulted in their improved health and increased production parameters. Throughout the production cycle (1-42 d of age), broiler chickens that received LEO in an amount of 0.4 mL/L in water were characterized by on average 6.35% higher BW (P < 0.01) and, on average 8.62% lower FCR (P < 0.01), as compared with the control group. The study has confirmed that LEO has a high potentially positive effect on the intestinal microflora. LEO is characterized by the appropriate chemical composition (high concentration of linalool and linalool acetate); it shows antimicrobial activity towards intestinal pathogens (Escherichia coli, coliform bacteria), without inhibiting the number of lactic fermentation bacteria, and it even promotes the growth of beneficial bacteria. There was no effect, however, of the addition of LEO on the biochemical parameters of chicken blood serum. Moreover, no differences were observed between the periods of adding LEO (d 1-42 and d 22-42); thus, it may be assumed that adding LEO in the second period of rearing (d 22-42) is more profitable for economic reasons. The addition of LEO to water from 22 d of age is justified by the influence of the operation of intensive rearing conditions, which intensify in the second rearing period (inter alia deterioration of the quality of litter, as well as an increase-in the quantity of conditionally pathogenic bacteria, the concentrations of ammonia in the air and the giveaway heat from the body to the environment). In order to assess fully the potential use of LEO in chicken fattening, further research into its mechanism of action, dosage, diet compatibility, activity against other pathogens, and possible toxicity is needed.
